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Description 

[0001] The present invention relates to a metliod for 
separating liquid from a slurry of solid particles and liquid 
contained in a vessel. In a further aspect, the present 
invention relates to the use of such a method in a proc- 
ess for the preparation of heavy hydrocarbons which 
process comprises contacting a mixture of hydrogen 
and carbon monoxide in a three-phase slurry reactor 
with a slurry of solid catalyst particles and a liquid. 
[0002] Three-phase slurry reactors are well known to 
those skilled In the art. In operation, the said reactors 
typically comprise a slurry zone and a freeboard zone. 
In the slurry, present in the slurry zone, the solid catalyst 
particles are kept in suspension in the liquid. The liquid 
serves amongst others as heat-transfer medium. One 
or more gaseous reactants bubble through the slurry. 
The freeboard zone, usually located above the slurry 
zone, contains substantially no slurry, but primarily gas- 
eous products and/or reactants. 
[0003] The catalyst particles are typically kept in sus- 
pension by stirring or agitation by a mechanical device 
or, preferably, by an upward gas and/or liquid velocity. 
[0004] The mixture of hydrogen and carbon monoxide 
is commonly referred to as synthesis gas. The prepara- 
tion of heavy hydrocarbons from synthesis gas is com- 
monly referred to as Fischer-Tropsch synthesis. The 
term heavy hydrocarbons as used herein refers to hy- 
drocarbons which are in the liquid state under reaction 
conditions. In this respect, it will be appreciated by that 
the Fischer-Tropsch synthesis not only yields heavy hy- 
drocarbons, but also hydrocarbons which are gaseous 
under reaction conditions and oxygenates. 
[0005] In particular, the present invention relates to 
the separation from the slurry of heavy hydrocarbons 
produced by the Fischer-Tropsch synthesis. 
[0006] A number of ways have been proposed to sep- 
arate liquid, in particular heavy hydrocarbons, from the 
slurry. Thus, European patent application publication 
No. 0 609 079 describes a slurry bubble column con- 
taining a slurry bed of catalyst particles suspended in a 
liquid. A filtration zone is located in the slurry bed, in 
particular close to the upper surface of the slurry bed. 
The filtration zone typically comprises a plurality of filter 
elements. The filter elements are typically of elongate 
cylindrical form and comprise a cylindrical filtering me- 
dium enclosing a filtrate collection zone. 
[0007] European patent application publication No. 
592 1 76 describes a filtration zone consisting of a tube 
sheet holding filter cartridges. The tube sheet defines 
the upper surface of the slurry bed. 
[0008] International (PCT) application publication No. 
94/16807 describes a filtration zone surrounding the 
slurry bed. 

[0009] UK patent application publication No. 2 281 
224 discloses a reactor containing a plurality of reaction 
tubes arranged to accomodate the slurry bed. The upper 
part of each tube contains a filter element to separate 



hydrocarbon product from slurry, and a top part of in- 
creased diameter, often referred to as a disengagement 
zone, to separate gas from the slurry. 
[0010] United States patent specification No. 

5 4,605,678 describes separation of catalyst from a slurry 
containing hydrocarbon product by passing the slurry 
through a high gradient magnetic field. 
[0011] United States patent specification No. 
5,324,335 describes a process for the preparation of hy- 

10 drocarbons, using an iron -based catalyst. To avoid the 
continuous increase of slurry height in the reactor ves- 
sel, due to the production of heavy hydrocarbon waxes, 
wax is separated from the slurry using a cross-flow filter 
located outside the reactor vessel. 

15 [0012] German patent specification No. 32 45 318 
(DE-32 45 318) describes a process for separating a liq- 
uid product stream from a slurry, by cross-flow filtration, 
which is carried out at substantially reactor pressure, but 
outside the reactor. According to one embodiment, the 

20 slurry is cooled prior to filtration. 

[001 3] It has now been found that cross-flow filtration 
is considerably facilitated if the cross-flow filtration step 
is preceded by a degasification step, which step is car- 
ried out in hydrocyclone, in which separation takes place 

25 in a centrifugal field. Furthermore, In this way the control 
of the flow of filtrate through the cross-flow filter is con- 
siderably facilitated. In addition, it will be appreciated 
that the required filter area is less. 
[0014] Therefore, the present invention relates to a 

30 method for separating in a chemical process liquid from 
a slurry of solid catalyst particles active in the chemical 
process and liquid contained in a vessel in the presence 
of a gas, the degasified slurry through a cross-flow filter, 
thereby separating the degasified slurry into the liquid 

35 as described in claim 1 . 

[0015] Typically, the solid particles in the slurry are at 
least in part catalyst particles, and the vessel is typically 
a reaction vessel in which a process can be carried out, 
using the slurry contained in the vessel as catalyst bed. 

40 [0016] Examples of chemical processes which are 
carried out in a three-phase slurry reactor are those 
which make use of solid catalyst particles, use at least 
one gaseous reactant, produce a product which is liquid 
under reaction conditions, and which often are highly ex- 

45 othermic. Examples of such processes include hydro- 
genation processes, hydroformylation, alkanol synthe- 
sis, the preparation of aromatic urethanes using carbon 
monoxide, Rolbel-Engelhardt synthesis, polyolefin syn- 
thesis, and Fischer-Tropsch synthesis. 

50 [0017] The liquid present in the slurry is normally at 
least in part, and preferably substantially completely, a 
reaction product. The method of the present invention 
relates to separation of liquid from the slurry. It will be 
appreciated that if the liquid is only in part a reaction 

55 product, further known separation steps, such as ad- 
sorption or distillation, may be necessary to isolate the 
reaction product from the rest of the liquid. 
[0018] Ways to achieve degasification are known to 
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those skilled in the art. Examples of degasification meth- 
ods include disengagement and pressure release. Pres- 
sure release is in principle feasible, but may be costly 
and considerably increase the risk of solid (catalyst) par- 
ticle attrition. Disengagement may take a long time if 
carried out in a batch or semi-continuous fashion. This 
may be undesirable at elevated temperature and pres- 
sure, for this may induce e.g. cracking of liquid products, 
coke formation on catalysts or other solid particles, and 
hydrogenolysis. 

[0019] It has now been found that a combination of a 
hydrocyclone for degasification and cross-flow filtration 

for separation of liquid from the slurry is highly efficient 
and allows a rapid separation, without the need for de- 
pressurisation. 

[0020] A hydrocyclone can be classified as a mechan- 
ical separation device in which separation takes place 
in a centrifugal field. Thus, a hydrocyclone operates in 
a similar way as a tube centrifuge, the difference being 
that a hydrocyclone has a non-rotating body, and the 
centrifugal field is established by a rotating movement 
of the feed, caused by a tangentially directed inlet. 
[0021] Hydrocyclones are known to those skilled in 
the art, and the skilled person is able to select the most 
appropriate hydrocyclone for degasification purposes, 
depending inter alia upon the viscosity of the slurry, the 
gas hold-up in the slurry and operating conditions. A 
general overview of hydrocyclones has been published 
in Ullmann's Encyclopedia of Industrial Chemistry 
(1988) Fifth edition. Volume B2, pages 11-19 to 11-23. 
[0022] The continuous disengagement method, like 
the method using a hydrocyclone, is carried out at sub- 
stantially the operating pressure in the reactor vessel. 
[0023] Following degasification of the slurry, the de- 
gasified slurry is passed through a cross-flow filter, in 
order to separate the degasified slurry into the liquid and 
a concentrated slurry. 

[0024] Cross-flow filtration is a method known to 

those skilled in the art wherein the residue (retentate) is 
continuously removed from the filter by shear of the slur- 
ry which flows along the filter, in tangential flow to the 
filter element. The shear can be produced by rotating 
elements such as rotating filters or rotors. Preferably, 
however, the shear is produced by the velocity of slurry 
through a cross-flow filter containing no rotating ele- 
ments. A general overview of cross-flow filtration can be 
found in Kirk-Othmer Encyclopedia of Chemical Tech- 
nology (1993), volume 10, pages 841-847. 
[0025] The driving force in the filtration is usually a 
pressure drop across the filter. Typically, the pressure 
drop across the filter is in the range from 1 to 1 0 bar. It 
will be appreciated that the pressure drop between slur- 
ry inlet and slurry outlet is less than the pressure drop 
across the filter, preferably at least 0.1 bar less than the 
pressure drop across the filter. Preferably, the said pres- 
sure drop difference is not more than 5 bar. 
[0026] Preferred cross-flow filters typically comprise 
one or more tubes, wherein at least part of the wall of 



each tube contains a filter element. The diameter of 
each tube typically ranges from 0.5 to 4.5 cm. The length 
of each tube depends upon the desired pressure drop 
between slurry inlet and slurry outlet. 
5 [0027] The slurry velocity along the filters is typically 
in the range from 1 to 6 m/s. Lower and higher velocities 
are possible but at a velocity greater than 6 m/s the pres- 
sure drop across the filter element should be rather high 
to generate a reasonable flux of liquid through the filter. 
At a velocity smaller than 1 m/s, the pressure drop 
across the filter element should be rather small to enable 
removal of filter cake by means of shear. This low pres- 
sure drop in turn results in a low flux of liquid through 
the filter. 

[0028] The solid particles present in the slurry are kept 
in suspension in the vessel by means of a gas and/or a 
liquid superficial velocity, or by means of a mechanical 
mixing device. Thus, it will be appreciated, the maximum 
possible average particle size of the solid particles may 
inter alia depend on the gas and liquid velocity, and the 
density difference between the solid particles and the 
liquid. Typically, the average particle size is not greater 
than 1 mm, preferably not greater than 600 |Lim. 
[0029] To allow efficient filtration, typically the average 
particle size is not smaller than 1 fxm, preferably not 
smaller than 5 ^im, more preferably not smaller than 1 0 
|Lim. 

[0030] The group of solid particles preferably at least 
in part consists of catalyst particles. A slurry of catalyst 
particles having a relatively large average particle size, 
that is at least 1 00 |Lim, is normally referred to as an ebul- 
lating catalyst bed, whereas a slurry of smaller catalyst 
particles, that is, having an average particle size of less 
than 1 00 ^im, is normally referred to as a slurry catalyst 
bed. 

[0031 ] The preferred average catalyst particle size for 
an ebullating bed ranges from 100 to 400 |Lim. 
[0032] The preferred average catalyst particle size for 
a slurry bed ranges from 1 0 to 75 iim. 
[0033] If desired, a mixture of catalyst particles and 
other solid particles may be applied. The other solid par- 
ticles may have an average particle size which is differ- 
ent from the average particle size of the catalyst parti- 
cles. Various options have e.g. been discussed in Euro- 
pean patent application publication No. 0 450 859. 
[0034] Due to attrition, the average (catalyst) particle 
size may decrease with time during operation of the par- 
ticles. It will be appreciated that the filter pore openings 
preferably should not allow significant passage of parti- 
cles, even after some attrition of the particles. Thus, de- 
pending on the average size of the particles and the par- 
ticle size distribution, the pore openings should have a 
diameter in the range from 0. 1 to 50 |Lim, preferably from 
0.5 to 10 |Lim. 

[0035] Although in principle it is possible to conduct 
the method inside the vessel, it is preferred that at least 
the filter is located outside the vessel. This is inter alia 
advantageous for maintenance reasons and ease of 
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manufacture. Thus, if the filter has to be inspected, the 
method may be carried out continuously by using a dif- 
ferent filter, without the need for a shut-down of the ves- 
sel. 

[0036] Typically, at least one pump is applied. Suita- 
ble pumps are known to those skilled in the art. It will be 
appreciated that preferably a pump is selected which 
does not cause significant attrition of the catalyst parti- 
cles. 

[0037] The pump may be sensitive for gas and tends 
to function less properly in the presence of gas. There- 
fore, according to a preferred embodiment, the slurry is 
degasified up-stream of the pump. 
[0038] At least part of the concentrated slurry is re- 
turned to the vessel. It will be appreciated that this is 
especially preferred if the concentrated slurry contains 
catalyst particles which are still active in a process which 
is carried out in the vessel. The circulation of slurry may 
contribute to, or be fully responsible for keeping the par- 
ticles in suspension in the slurry. 
[0039] According to a further preferred aspect of the 
method, the degasified slurry is separated into a first 
stream having a low concentration of solid'particles and 
a second stream having a high concentration of solid 
particles, and the first stream is sent to the filter. In this 
way, less filter surface area is required, and in view of 
the low solid particles concentration, the viscosity of the 
slurry is lower and higher filtration rates are possible. 
Preferably, at least the second stream is at least partly 
returned to the vessel. Further advantages of this em- 
bodiment include less attrition inter alia due to limited 
slurry hold-up. 

[0040] According to a preferred embodiment, the slur- 
ry is separated into a first and second stream in a device 
in which separation takes place in a centrifugal field. In 
view of lack of rotating parts and simple maintenance, 
a hydrocyclone is normally preferred. 
[0041] The above described method is most prefera- 
bly used in a process for the preparation of heavy hy- 
drocarbons from synthesis gas. As outlined hereinbe- 
fore, the term heavy hydrocarbons as used herein refers 
to hydrocarbons which are liquid under the reaction con- 
ditions. Typically, the reaction temperature is chosen in 
the range from 150 to 400 °C. The pressure typically 
ranges from 5 to 200 bar abs. 

[0042] Thus, according to another aspect of the 

present invention, there is provided a process for the 
preparation of heavy hydrocarbons, which process 
comprises contacting a synthesis gas in a reactor vessel 
with a slurry of solid catalyst particles and a liquid, there- 
by producing heavy hydrocarbons, and separating the 
liquid containing heavy hydrocarbons from the slurry by 
the method as described herein. 
[0043] Hydrocarbon synthesis catalysts, that is cata- 
lysts capable of catalysing synthesis of hydrocarbons 
from hydrogen and carbon monoxide, as well as suitable 
methods to prepare such catalysts, are known to those 
skilled in the art. Hydrocarbon synthesis catalysts typi- 



cally comprise a Group VIII metal, supported on a cat- 
alyst carrier. The Group VIII metal is preferably chosen 
from iron, cobalt and/or ruthenium, more preferably co- 
balt. The catalyst carrier is preferably porous, such as 

5 a porous inorganic refractory oxide, more preferably alu- 
mina, silica, titania, zirconia or mixtures thereof. 
[0044] The optimum amount of catalytically active 
metal present on the carrier depends inter alia on the 
specific catalytically active metal. Typically, the amount 

10 of cobalt present in the catalyst may range from 1 to 1 00 
parts by weight per 1 00 parts by weight of carrier mate- 
rial, preferably from 10 to 50 parts by weight per 100 
parts by weight of carrier material. 
[0045] The catalytically active metal may be present 

15 in the catalyst together with one or more metal promot- 
ers or cocatalysts. The promoters may be present as 
metals or as the metal oxide, depending upon the par- 
ticular promoter concerned. Suitable promoters include 
oxides of metals from Groups HA, NIB, IVB, VB, VIB and/ 

20 or VI IB of the Periodic Table, oxides of the lanthanides 
and/or the actinides. Preferably, the catalyst comprises 
at least one oxide of an element in Group IVB, VB and/ 
or VIIB of the Periodic Table, in particular titanium, zir- 
conium, manganese and/or vanadium. As an alternative 

25 or in addition to the metal oxide promoter, the catalyst 
may comprise a metal promoter selected from Groups 
VIIB and/or VIII of the Periodic Table. Preferred metal 
promoters include rhenium, platinum and palladium. 
[0046] A most suitable catalyst comprises cobalt as 

30 the catalytically active metal and zirconium as a promot- 
er. Another most suitable catalyst comprises cobalt as 
the catalytically active metal and manganese and/or va- 
nadium as a promoter. 

[0047] The promoter, if present in the catalyst, is typ- 
35 ically present in an amount of from 0.1 to 60 parts by 
weight, preferably from 0.5 to 40 parts by weight of car- 
rier material. It will however be appreciated that the op- 
timum amount of promoter may vary for the respective 
elements which act as promoter. If the catalyst compris- 
40 es cobalt as the catalytically active metal and manga- 
nese and/or vanadium as promoter, the cobalt : (man- 
ganese + vanadium) molar ratio is advantageously at 
least 12:1. 

[0048] The liquid present in the slurry is most suitably 
45 a product of a hydrocarbon synthesis process, in partic- 
ular a process as described herein. Alternatively, (re- 
fined) crude oil fractions or liquid polyolefins may be 
used. Preferably, the liquid contains predominantly 
highly paraffinic hydrocarbons. Typically, a highly par- 
50 affinic hydrocarbon liquid contains at least 70% by 
weight, preferably 80% by weight, and more preferably 
90% by weight of paraffinic hydrocarbons. 
[0049] The hydrocarbon synthesis process is prefer- 
ably carried out at a temperature in the range from 125 
55 to 350 °C, more preferably 170 to 300 °C, most prefer- 
ably 200 to 275 °C. The pressure preferably ranges from 
5 to 80 bar abs., more preferably from 20 to 60 bar abs. 
[0050] Hydrogen and carbon monoxide (synthesis 
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gas) is typically fed to the process at a molar ratio in the 
range from 0.4 to 2.5. Preferably, the hydrogen to car- 
bon monoxide molar ratio is in the range from 1 .0 to 2.5. 
[0051] The gaseous hourly space velocity may vary 
within wide ranges and is typically in the range from 5 
1500 to 8000 h-\ 

[0052] The process for the preparation of hydrocar- 
bons may be conducted using a slurry catalyst bed re- 
gime or an ebullating catalyst bed regime. 
[0053] It will be understood that the skilled person is io 
capable to select the most appropriate conditions for a 
specific reactor configuration and reaction regime. 
[0054] Preferably, the superficial gas velocity of the 
synthesis gas is in the range from 0.5 to 50 cm/sec, more 
preferably in the range from 5 to 35 cm/sec. ^5 
[0055] Typically, the superficial liquid velocity is kept 
in the range from 0.001 to 4.0 cm/sec, including liquid 
production. Preferably, the superficial liquid velocity is 
preferably kept in the range from 0.005 to 1.0 cm/sec. 
[0056] It will be appreciated that the most preferred 20 
superficial liquid velocity may depend on the preferred 
mode of operation. 

[0057] If the separation is carried out inside the vessel 
and a high liquid velocity is not required to keep the cat- 
alyst particles in suspension, a relatively low superficial 25 
liquid velocity may be preferred. If on the other hand at 
least part of the separation is carried out outside the ves- 
sel, a higher superficial liquid velocity may be preferred. 
It belongs to the skill of the skilled person to select the 
most appropriate superficial liquid velocity, having re- 30 
gard to the preferred mode of operation. 
[0058] As outlined hereinabove, according to a pre- 
ferred aspect of the invention, at least the filter is located 
outside the reactor vessel and the separation is carried 
out at substantially the same pressure as applied in the 35 
reactor vessel. Preferably, the installation required for 
carrying out the method as described herein is located 
outside the reactor vessel. According to another pre- 
ferred embodiment, the degasification device is located 
inside the vessel, and the remaining downstream part 40 
of the installation is located outside the vessel. 
[0059] Hydrocarbon synthesis catalysts generally 
tend to have activity for hydrogenolysis, which may re- 
sult in undesired methane formation by cracking of liquid 
hydrocarbon products, and adiabatic temperature in- 45 
crease. Further, coke may form, affecting catalyst life 
and activity. It has recently been found that especially 
in the absence of synthesis gas, and in particular hydro- 
gen, the hydrogenolysis activity is high at high operating 
temperatures in the slurry. Therefore, according to one 50 
preferred embodiment of the invention, at least that part 
of the slurry that is sent to the filter, is cooled, preferably 
to a temperature of less than 200 °C. 
[0060] In one embodiment of the invention, at least 
that part of the slurry that is sent to the filter is cooled to 55 
a temperature of less than 185 °C, or even less than 
180 °C. It is usually not necessary nor desired to cool 
to a temperature of less than 1 50 °C, preferably, not less 



than 160 °C. 

[0061] It will be appreciated that cooling as such may 
be time-consuming and costly, especially if the slurry is 
cooled to a rather low temperature. 
[0062] An advantage of the separation method of the 
present invention is that the residence time can be kept 
to a minimum. Further, if the degasified slurry is sepa- 
rated in a first and second stream, and only the first 
stream is sent to the filter, the average residence time 
of catalyst in the separation system is reduced even fur- 
ther. Thus, according to a preferred embodiment, the av- 
erage residence time of catalyst-containing slurry out- 
side the reactor vessel is kept to less than 10 minutes, 
more preferably less than 5 minutes, even more prefer- 
ably less than 1 minute. Typically, the residence time will 
be more than 10 seconds. 

[0063] It will be appreciated that a relatively short res- 
idence time may reduce the desirability for cooling. 
[0064] According to a particularly preferred embodi- 
ment, the part of the slurry that Is sent to the filter is 
cooled to a temperature which is from 5 to 75 °C below 
reaction temperature, preferably from 1 0 to 60 °C below 
reaction temperature, and the residence time is less 
than 10 minutes; preferably within the above ranges. 
[0065] It will be appreciated that preferred embodi- 
ments of the process, such as cooling and/or separation 
at substantially reactor vessel pressure, may also be 
preferred embodiments of the method as such, when 
used in different set-ups and processes. 
[0066] The method and process of the present inven- 
tion are further set out In detail with reference to Figures 
1 and 2. 

[0067] Figure 1 schematically depicts a flow scheme 
in which slurry withdrawn from a vessel is degasified up- 
stream of a pump, and down-stream of the pump the 
degasified slurry is passed to a cross-flow filter. Con- 
centrated slurry is at least in part returned to the vessel 
and optionally in part recycled to the filter. 
[0068] With reference to Figure 1, reference number 
1 depicts a reactor vessel, equipped with gas inlet 
means 2 and gas outlet means 3; slurry inlet means 4 
and slurry outlet means 5. If desired, the vessel further 
contains separate liquid inlet means 6. Other features 
of the reactor vessel such as cooling means have been 
omitted for clarity reasons. 

[0069] In operation, the reactor vessel 1 further con- 
tains a slurry 1 0 of solid particles, typically solid catalyst 
particles, in a liquid. The solid particles are kept in sus- 
pension by a sufficiently high superficial gas velocity, 
and/or a sufficiently high superficial liquid velocity. 
[0070] Slurry 10 is passed from the reactor vessel 1 
via slurry outlet means 5 and line 1 1 to hydrocyclone 1 2. 
The hydrocyclone 12 comprises a separation chamber 
of circular cross-section, containing an overflow outlet 
in communication with line 13 for gas separated from 
the slurry 1 0, and an underflow outlet in communication 
with line 1 4 for degasified slurry. Line 11 is in communi- 
cation with at least one tangentially directed feed inlet. 
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proximate to the overflow outlet. The diameter of the 
separation chamber decreases from the overflow outlet 
to the underflow outlet, however, this decrease is not 
necessarily continuous. Optionally, some parts of the 
separation chamber have a constant diameter in the di- 
rection of the underflow outlet. 

[0071 ] The degasified slurry is passed to a cross-flow 
filter 16, via pump 15. Liquid filtrate leaves the cross- 
flow filter via line 1 7 and concentrated slurry via line 1 8. 

At least part of the concentrated slurry may be returned 
to the vessel 1 via line 1 9. Optionally, a part of the con- 
centrated slurry is recycled to the cross-flow filter 1 6 via 
line 20, line 14 and pump 15. 

[0072] Part of the concentrated slurry may be with- 
drawn or new slurry added, via lines 18 and 22 respec- 
tively. 

[0073] Optionally, the degasified slurry is cooled by 
heat-exchange means (not shown). 
[0074] With reference again to Figure 1, a typical 
process scenario for the preparation of heavy hydrocar- 
bons, would be as follows. 

[0075] Synthesis gas, having a hydrogen to carbon 
monoxide molar ratio of about 2:1 , is introduced into re- 
actor vessel 1 via gas inlet means 2. Unconverted gas 
as well as gaseous products leave the reactor vessel 
via gas outlet means 3. 

[0076] The slurry 1 0, contains about 30 % by volume 
of catalyst, on a gas-free basis. The catalyst typically 
comprises cobalt on a porous carrier, such as silica, alu- 
mina, zirconia or titania. The average particle size of the 
catalyst particles is in the range from 10 to 50 |Lim. The 
slurry liquid is a mixture of heavy hydrocarbons pro- 
duced in the process. 

[0077] 1 00 m3/h of slurry 1 0 is withdrawn from the re- 
actor vessel 1 via slurry outlet means 5 and is passed 
via line 11 to hydrocyclone 12. 10 m3/h of gas leaves 
hydrocyclone 12 via line 13 and 90 m3/h of degasified 
slurry is passed from hydrocyclone 1 2 to cross-flow filter 
16 via line 14 and pump 15. In line 14, the degasified 
slurry is optionally combined with 10 m3/h of concen- 
trated slurry containing 35 % by volume of catalyst, 
which is recycled from cross-flow filter 1 6 via line 20. 1 3 
m3/h of liquid filtrate is withdrawn from the cross-flow 
filter 1 6 via line 1 7. 77 m3/h of concentrated slurry, con- 
taining 35 % by volume of catalyst is passed to and in- 
troduced in the reactor vessel 1, via line 19 and slurry 
inlet means 4, and 1 0 m3/h of concentrated slurry is op- 
tionally recycled to the cross-flow filter 16 via line 20. 



Claims 

1. A method for separating in a chemical process liq- 
uid from a slurry of solid catalyst particles active in 
the chemical process and liquid contained in a ves- 
sel in the presence of a gas, the vessel being a 
three-phase slurry reactor and the gas being at 
least one gaseous reactant in the chemical process 



while the liquid is a product produced in the chem- 
ical process, which comprises degasifying the slur- 
ry in a hydrocyclone at substantially the operating 
pressure in the reactor vessel and passing the de- 
5 gasified slurry through a cross-flow filter, separating 

the degasified slurry into the liquid and a concen- 
trated slurry and returning at least part of the con- 
centrated slurry to the vessel. 

10 2. A method as claimed in claim 1, wherein the filter is 
located outside the vessel. 

3. A method as claimed in claim 2, wherein at least 
one pump is applied, and wherein upstream of the 

15 pump, the slurry is degasified. 

4. A method as claimed in any one of the preceding 
claims, wherein the degasified slurry is separated 
into a first stream having a low concentration of solid 

20 particles and a second stream having a high con- 
centration of solid particles, and the first stream is 
sent to the filter. 

5. A method as claimed in claim 4, wherein the slurry 
25 is separated into a first and second stream in a 

hydrocyclone. 

6. A process for the preparation of heavy hydrocar- 
bons, which process comprises contacting a syn- 

30 thesis gas in a reactor vessel with a slurry of solid 
catalyst particles and a liquid, thereby producing 
heavy hydrocarbons, and separating the liquid con- 
taining heavy hydrocarbons from the slurry by the 
method as claimed in any one of the preceding 
35 claims, and wherein the filter preferably is located 
outside the reactor vessel. 

7. A process as claimed in claim 6, wherein the aver- 
age residence time of catalyst-containing slurry out- 

40 side the reactor vessel is kept to less than 1 0 min- 
utes, preferably less than 1 minute, or wherein at 
least the part of the slurry that is sent to the filter, is 
cooled, preferably to a temperature from 5 to 75 °C 
below reaction temperature. 

45 

8. Installation comprising at least a three-phase slurry 

reactor, a degasifying hydrocyclone unit and a 
cross-flow filter unit and optionally a pump, for car- 
rying out a method or process as claimed in any one 
50 of the preceding claims 1 -7. 



Patentanspriiche 

55 1. Verfahren zur in einem chemischen ProzeB erfol- 
genden Abtrennung von Flussigkeit aus einer Auf- 

schlammung von in dem chemischen ProzeR akti- 
ven festen Katalysatorteilchen und Flussigkeit, die 
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in Gegenwart eines Gases in einem Behalter ent- 
halten ist, wobei der Behalter ein Dreiphasen-Slur- 
ry-Reaktor ist und das Gas wenigstens eine gasfor- 
mige Reaktionskomponente in dem cliemisclien 
ProzeB ist, wahrend die Flussigkeit ein in dem che- 
mischen ProzeB gebildetes Produkt ist, welclnes 
Verfahren ein Entgasen der Aufschlammung in ei- 
nem Hydrozyklon bei im wesentlicliem dem Be- 
triebsdruck im Reaktorbehalter und ein Fuhren der 
entgasten Aufsclilammung durch ein Kreuzstrom- 
filter, ein Auftrennen der entgasten Aufschlammung 
in die Flussigkeit und in eine konzentrierte Auf- 
schlammung und ein Ruckfuhren wenigstens eines 
Teiles der konzentrierten Aufschlammung zum Be- 
halter umfaBt. 

2. Verfahren nach Anspruch 1 , worin das Filter au Ber- 
halb des Behalters angeordnet ist. 

3. Verfahren nach Anspruch 2, worin wenigstens eine 
Pumpe angewandt wird und worin stromauf zur 
Pumpe die Aufschlammung entgast wird. 

4. Verfahren nach einem der vorstehenden Anspru- 
che, worin die entgaste Aufschlammung in einen er- 

sten Strom mit einer niedrigen Konzentration an fe- 
sten Teilchen und in einen zweiten Strom mit einer 
hohen Konzentration an festen Teilchen aufge- 
trennt wird und der erste Strom zu dem Filter gefuhrt 
wird. 

5. Verfahren nach Anspruch 4, worin die Aufschlam- 
mung in einem Hydrozyklon in einen ersten und ei- 
nen zweiten Strom aufgetrennt wird. 

6. Verfahren zur Herstellung von schweren Kohlen- 
wasserstoffen, welches Verfahren ein Inkontakt- 
bringen eines Synthesegases in einem Reaktorge- 
faB mit einer Aufschlammung aus festen Katalysa- 
torteilchen und einer Flussigkeit, wobei schwere 
Kohlenwasserstoff gebildet werden, und ein Ab- 
trennen der schwere Kohlenwasserstoffe enthal- 
tenden Flussigkeit aus der Aufschlammung nach 
der Methode nach einem der vorstehenden Anspru- 
che umfaBt und worin das Filter vorzugsweise au- 
Berhalb des ReaktorgefaBes angeordnet ist. 

7. Verfahren nach Anspruch 6, worin die mittlere Ver- 
weilzeit der katalysatorhaltigen Aufschlammung 
auBerhalb des ReaktorgefaBes auf unter 10 Minu- 
ten, vorzugsweise unter 1 Minute gehalten wird 
Oder worin wenigstens jener Teil der Aufschlam- 
mung, der zu dem Filter gefuhrt wird, abgekuhit 
wird, vorzugsweise auf eine Temperatur von 5 bis 
75°C unter der Reaktionstemperatur. 

8. Aniage, die wenigstens einen Dreiphasen-Slurry- 
Reaktor, eine Entgasungshydrozykloneinheit und 



eine Kreuzstromfiltereinheit und gegebenenfalls ei- 
ne Pumpe umfaBt, zur Ausfuhrung einer Methode 
Oder eines Verfahrens, wie in einem der vorstehen- 
den Anspruche 1 bis 7 beansprucht. 

5 

Revendications 

1. Precede de separation dans un precede chimique 
10 de liquide d'une suspension de particules de cata- 

lyseur solides actives dans le precede chimique et 
de liquide contenu dans un recipient en presence 
d'un gaz, le recipient etant un reacteur a suspension 
a trois phases et le gaz etant au moins un reactif 
15 gazeux dans le precede chimique alors que le liqui- 
de est un produit forme dans le precede chimique, 
qui comprend la degazeification de la suspension 
dans un hydrocyclone a pratiquement la pression 
operatoire dans le recipient de reaction et le passa- 
ge ge de la suspension degazeiflee a travers un filtre 
a ecoulement transversal, la separation de la sus- 
pension degazeiflee en le liquide et une suspension 
concentree et le renvoi d'au moins une partie de la 
suspension concentree au recipient. 

25 

2. Precede suivant la revendication 1 , dans lequel le 
filtre est place a I'exterieur du recipient. 

3. Precede suivant la revendication 2, dans lequel au 
30 moins une pompe est utilisee, et dans lequel en 

amont de la pompe, la suspension est degazeiflee. 

4. Precede suivant Tune quelcenque des revendica- 
tions precedentes, dans lequel la suspension dega- 

35 zeifiee estseparee en un premier courantayant une 
faible concentration de particules solides et un se- 
cond courant ayant une concentration elevee de 
particules solides, et le premier courant est enveye 
au filtre. 

40 

5. Precede suivant la revendication 4, dans lequel la 
suspension est separee en u n premier et un second 
courant dans un hydrocyclone. 

45 6. Precede de preparation d'hydrecarbures leurds, le- 
quel precede comprend la mise en contact d'un gaz 
de synthese dans un recipient de reaction avec une 
suspension de particules de catalyseur solides et 
un liquide, en produisant ainsi des hydrocarbures 

50 leurds, et la separation du liquide centenant des hy- 
drocarbures leurds de la suspension par le precede 
suivant Tune quelconque des revendications prece- 
dentes, et dans lequel le filtre est avantageusement 
place a I'exterieur du recipient de reaction. 

55 

7. Precede suivant la revendication 6, dans lequel le 
temps de sejour moyen de la suspension centenant 
du catalyseur a I'exterieur du recipient de reaction. 
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est maintenu a moins de 1 0 minutes, avantageuse- 
ment a moins de 1 minute, ou dans lequel au moins 
la partie de la suspension qui est envoyee au filtre, 
est refroidie, avantageusement a une temperature 
de 5 a 75°C en dessous de la temperature de reac- 
tion. 

Installationcomprenantau moins un reacteurasus- 
pension atrois phases, une unite d'hydrocyclone de 
degazeification at une unite de filtre a ecoulement 
transversal et eventuellement une pompe, pour la 
mise en oeuvre de Tun ou I'autre des precedes sui- 
vant I'une quelconque des revendications 1 a 7. 
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